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Summary
Objective: We attempted to estimate the rate of total hip replacement (THR) using a national database and the prevalence of hip osteoarthritis
(OA) from the reading of intravenous pyelograms (IVPs) in a Korean population.
Materials: Reimbursement records from all hospitals in South Korea were extracted from the Health Insurance Review Agency (HIRA) data-
base. Records with both the procedure code corresponding to THR and containing the diagnosis code for hip OA were selected. We estimated
the age- and sex-speciﬁc rates of THR from 2002 to 2006. Hip joints from 580 subjects older than 70 years old who underwent an IVP were
assessed for the presence of OA.
Results: The rate of THR increased with age, reaching a peak over the age of 65e69 years, with the age-standardized risk ratios in women vs
men of approximately 1.5. Although the rate of THR increased over the 5-year study period, it was signiﬁcantly lower than that of total knee
replacement (TKR) in Korean population (THR vs TKR 1:15.9). The prevalence of hip OA in the IVP cohort was 1.2% (1.7% for men and 0.7%
for women).
Conclusion: The rate of THR was signiﬁcantly lower than that of TKR in Korean population. Hip OA prevalence among the IVP subjects was
1.2%. Further studies on factors that account for the low prevalence of hip OA among Asians need to be conducted.
ª 2008 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Osteoarthritis (OA) is a leading cause of disability in West-
ern societies. In the United States, hip OA affects about 5%
of the population over the age of 60 years1 and approxi-
mately 360,000 hip replacement surgeries are performed
yearly, second only to knee replacement among musculo-
skeletal procedures2.
Several studies have found that the prevalence of hip OA
is signiﬁcantly lower among Asians while the prevalence of
knee OA is as common as, or even higher than that
reported for the US Caucasian population3e5. A few studies
have also shown that the rate of total hip arthroplasty in
Asian migrants was much lower than that among the Cau-
casian population6,7. To the best of our knowledge, no
such epidemiologic data on hip replacement has been pub-
lished in Asia, where over 60% of world population lives.*Address correspondence and reprint requests to: Dr H. A. Kim,
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1572In this study, we describe the age and sex-speciﬁc inci-
dence of total hip replacement (THR) from OA as well as
the trend of THR utilization from the year 2002 to the year
2006, using national data collected by the Health Insurance
Review Agency (HIRA) in South Korea. We also attempted
to support the above ﬁndings by the reading of 580 intrave-
nous pyelograms (IVPs) performed in a Korean hospital.Materials and methodsDATA ACQUISITIONHIRA, established in 1989, is a non-proﬁt agency sponsored by the
Korean Ministry of Health and Welfare. The agency is responsible for the
general administrative affairs of the Korean National Health Insurance cover-
ing all citizens of South Korea. The HIRA database contains reimbursement
records from all medical facilities (approximately 5e6 million inpatient-visits
per year in about 1100 hospitals and 25,000 private clinics) in South Korea.
Information in the HIRA database includes a unique identiﬁcation number for
each patient, age, sex, primary diagnosis [based on the International Classi-
ﬁcation of Disease, Tenth Edition, Clinical Modiﬁcation (ICD-10-CM)], and
the date of surgery. In the current analysis, we used data collected from
the year 2002 to the year 2006.
Records with a procedure code N0711, corresponding to THR, were se-
lected from the HIRA database. In addition, the database adapted ICD-10-
CM to code for the disease diagnosis. Hip OA was coded as M16. Revision
hip arthroplasty was assigned a separate procedure code and was excluded
from the current analysis.
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selected with respect to hip symptoms, we identiﬁed all subjects older than
70 years old who received an IVP at a university-afﬁliated hospital during
2004e2006. The use of clinical data was approved by the Hallym University
Sacred Heart Hospital research ethics committee. The hip joints were
assessed from the postmicturition radiograph, which was taken with
a tube-to-ﬁlm distance of 100 cm and the central ray centered approximately
10 cm higher in the midline. The position of the feet was typically about 30
external rotation. Radiographs were excluded if neither hip could be
visualized adequately. All of the radiographs were read by two readers (an
orthopedic surgeon and a radiologist), who were both experienced in the
reading of hip OA radiographs. Atlas photographs illustrating the individual
radiographic features of OA were used to standardize the readings8,9.
Each hip was scored for joint space narrowing (JSN) (range 0e3, where
0¼ none and 3¼ complete loss of joint space) at two locations (superolateral
and superomedial) and for osteophytes (range 0e3, where 0¼ none and
3¼ severe) at four locations (superior femoral, lateral acetabular, inferior
femoral and acetabular). Subchondral sclerosis, cysts, and femoral neck
deformity were also graded (range 0e1, where 0¼ none and 1¼ present).
A summary grade of OA (range 0e4) for each hip was assigned, based on
the number of individual radiographic features present, as has been reported
previously10. We also measured the minimum joint space (in mm) using
calipers according to a previously described method11.
A subject was characterized as having radiographic hip OA if (1) the
summary grade was 2 (deﬁnite osteophytes grade2 or JSN grade2
plus subchondral sclerosis or cysts) or (2) a minimum joint space was
1.5 mm. The intra-reader reproducibility of the summary grade (OA vs
no OA), based on repeat readings of a random sample of 50 images,
was high (k¼ 0.86). Twenty-six (4.5%) ﬁlms with discrepancy about either
the presence of 2 JSN or 2 osteophytes between the two readers
were adjudicated by a panel, including the two original readers and a third
reader.STATISTICAL ANALYSISWe divided the age of the subjects into 5-year categories. For each calen-
dar year, we estimated the age- and sex-speciﬁc rates of THR by dividing the
total number of THR cases that occurred in that year by the total number
of subjects in each age and sex category, based on the Korean National
Census data conducted in year 200512. We also estimated the prevalence
of radiographic hip OA among the patients who had IVP images in a univer-
sity-afﬁliated hospital during 2004e2006.Results
From 2002 to 2006, 18,978 subjects had THR surgery. Of
these subjects, 3983 were patients with hip OA (M16),
12,797 with avascular necrosis (AVN), 423 with inﬂamma-
tory arthritis (e.g., rheumatoid arthritis, ankylosing spondyli-
tis and unclassiﬁed arthritis), and only eight patients
underwent surgery for a femoral neck fracture. Of 3983 sub-
jects who had THR from hip OA, 39% were men.
The rate of THR increased with age, reaching a peak
over the age of 65e69 years for both women and men,
after which it decreased (Table I). As shown in Fig. 1, theTable
Age-specific rates (per 100,000 per
Age groups Men (n¼ 1564)
2002 2003 2004 2005 200
40e44 1.20 1.34 1.54 1.58 1.4
45e49 1.12 1.94 1.48 1.58 1.5
50e54 1.96 2.59 2.45 3.36 3.2
55e59 3.55 3.28 2.84 4.35 4.7
60e64 4.12 3.79 4.68 5.46 6.5
65e69 4.37 4.10 5.69 7.01 6.4
70e74 3.50 3.30 2.53 5.25 5.0
75e79 3.33 2.59 2.59 1.11 5.9
80 1.02 1.53 0.51 2.56 3.0
For each calendar year, we estimated the age-speciﬁc rates of THR by
the total number of subjects in each age category based on Korean Natiage-standardized THR rate increased in both sexes from
2002 to 2006, and the age-standardized risk ratios of
THR in women vs men were 1.16, 1.41, 1.57, 1.40 and
1.41 for 2002, 2003, 2004, 2005, and 2006, respectively.
The risk of THR due to hip OA was signiﬁcantly lower
than that of total knee replacement (TKR) due to knee OA
in South Korea (THR vs TKR 1:15.9)13.
Next, we identiﬁed 580 subjects older than 70 years who
performed IVP between the year 2004 and 2006 from a uni-
versity-afﬁliated hospital. One subject was excluded due
to poor visualization of the hip joint. The mean age of the
subjects was 78.3 years (range 71e95 years), and half of
the subjects were men. The most common indications for
IVP were benign prostatic hypertrophy (186 subjects,
32%), neuromuscular dysfunction of bladder (140 subjects,
24%), and evaluation of suspicious malignancy (67 sub-
jects, 11.6%). Two subjects had bilateral THR, one had uni-
lateral THR, and ﬁve had unilateral hemiarthroplasty. Of the
remaining 1148 hips (577 patients), only six subjects (with
one bilateral, three right hip, and two left hip) had hip OA
(summary grade 2 or minimal joint space 1.5 mm). Of
these subjects, four were men (Table II).
Medical records of all the subjects with hip OA, THR, or
hemiarthroplsaty were subsequently reviewed to obtain
information on the presence of hip pain, previous diagnosis,
and the reason for surgery. Among the three subjects with
THR, one had AVN of the femoral head. Relevant informa-
tion on the other two subjects with bilateral THR was not
available. Among the ﬁve subjects with hemiarthroplasty,
three had a femoral neck fracture due to osteoporosis at
the operated hip, and information for the other two subjects
was not available. Among the six subjects with hip OA, one
subject with grade4 hip had an old traumatic acetabular
fracture, and subsequently underwent THR. Two subjects
with grade2 hip had a history of visiting the orthopedic
department due to hip and back pain, and information for
the remaining three subjects was not available. If it was pre-
sumed that the two subjects with THR underwent surgery
due to OA and if the subject with traumatic fracture was
excluded, the estimated prevalence of hip OA in this IVP co-
hort was 1.2% (1.7% for men, 0.7% for women).Discussion
Using the national database for healthcare reimburse-
ment in Korea, we found that the rate of THR increased
from 2002 to 2006, but it was much lower than that of
TKR. To the best of our knowledge, no epidemiological
study has examined the rate of THR utilization among anI
year) of THR by calendar year
Women (n¼ 2419)
6 2002 2003 2004 2005 2006
4 1.29 1.76 1.18 1.81 1.57
8 1.34 2.22 2.48 2.48 3.20
9 1.89 3.43 3.85 4.76 5.81
9 4.78 4.17 4.86 5.30 6.43
7 6.05 7.97 8.17 8.27 7.36
8 5.41 9.20 10.17 12.77 13.09
6 5.28 5.01 6.50 7.85 8.53
1 2.82 2.02 3.63 4.43 5.44
7 2.34 0.64 0.43 2.23 2.55
dividing the total number of THR cases that occurred in that year by
onal Census data conducted in year 2005.
Fig. 1. Age- and sex-standardized THR rate in Korean population
from year 2002 to 2006. Rates were calculated by dividing the total
number of THR patients registered at the HIRA of Korea by the total
population in the respective age and sex groups, according to data
from the Korean Census 2005, and then standardized according to
the age distribution in women.
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was examined by IVP ﬁlms was 1.2%.
It might not be appropriate to compare the rate of THR in
Korea with that in Western countries, as a discrepancy may
stem from the differences other than the prevalence of hip
OA. Thus, we tried to compare the rate of THR and TKR
due to OA in Korea, and found that compared to Western
countries, the rate of THR is far lower than that of TKR
(less than 1/15). For example, the rate of TKR in the US
is about 20% higher than that of THR, while the rate of
TKR in Sweden is lower than that of THR2,14,15. In addition,
while primary OA accounted for only 18% of THR in Korea,
it was the main indication for THR in Sweden with 75% of
the THRs performed to treat OA15. This ﬁnding suggests
that severe hip OA is much less common in Korea as com-
pared to Western countries, and as compared to severe
knee OA.
In order to support the low THR rate, we estimated the
prevalence of hip OA in 580 subjects that underwent IVP
who were over 70 years old. The prevalence of 1.2% in
our subjects is in line with the prevalence of subjects 60Table I
Demographic and clinical features of subj
Age Sex Radio
Right
1 77 M THR
2 75 M THR
3 72 M Grade1
4 75 F Grade1
5 82 F Hemiarthroplasty
6 81 F Grade1
7 83 F Grade1
8 83 F Grade1
9 78 M Grade4
10 76 M Grade2
11 80 M Grade1
12 80 F Grade2
13 85 F Grade4
14 74 M Grade1years old in a study performed in China3. Our prevalence
may well have been overestimated as we presumed that
the two bilateral THR subjects without clinical information
underwent surgery due to OA. Another report showed that
the prevalence of hip OA estimated by IVP among Chinese
men aged 60e75 years was 5.4%16. While it is not possible
to compare the prevalence of hip OA of previous reports
with that of the current study due to differences in the grad-
ing system and radiographic method, lower prevalence of
hip OA among Asians compared to Caucasian population
is consistent.
What is the reason for the discrepancy of the prevalence
of hip OA between Asians and Caucasians? First, differ-
ences in the frequency of acetabular dysplasia among dif-
ferent ethnic groups have been postulated. However, in
studies involving Japanese and Chinese population16,17,
the prevalence of acetabular dysplasia was not higher com-
pared to British population, while the prevalence of hip OA
was lower among the Japanese and Chinese population.
Second, genetic polymorphisms may account for the eth-
nic difference in the susceptibility to OA. It has been
reported that the association of several candidate genes,
such as asporin and calmudulin 1, with OA is strongly
dependent on ethnicity and often on the involved joint18e23.
Thus, it would be of interest to deﬁne and to characterize
the genetic polymorphism that confers protection against
hip OA in Asians.
While kneeling or squatting typical of traditional Asian life-
style is postulated to have a detrimental role in the develop-
ment of knee OA24, it may work in the opposite direction in
the development of hip OA. This hypothesis may be proven
by a prospective follow-up of young Asians who have adap-
ted a Western lifestyle for the development of hip OA.
This study has limitations. First, disease misclassiﬁca-
tions or coding errors could have occurred in the large-scale
administrative databases. Second, we evaluated IVPs for
the prevalence of hip OA. Although it is a frequently
reported method for the evaluation of hip OA, differences
in the placement of the hip and lack of the centralization
of hip joints as compared to a standard pelvis radiograph
might have affected the evaluation of the joint space.
Finally, our IVP data was generated from a single institute,
and our ﬁndings may not represent the overall incidence of
hip OA in Korea.I
ects with abnormal hip joints in IVP
graphic ﬁnding Clinical ﬁnding
Left
THR Unknown
THR Unknown
THR AVN
Hemiarthroplasty Osteoporotic femoral
neck fracture
Grade1 Osteoporotic femoral
neck fracture
Hemiarthroplasty Osteoporotic femoral
neck fracture
Hemiarthroplasty Unknown
Hemiarthroplasty Unknown
Grade1 Old acetabular fracture
Grade2 Hip pain
Grade2 Hip pain
Grade1 Unknown
Grade1 Unknown
Minimum joint
space 1.45 mm
Unknown
1575Osteoarthritis and Cartilage Vol. 16, No. 12In conclusion, the THR rate was signiﬁcantly lower than
that of TKR in South Korea. Studies on protective factors
that account for the low prevalence of hip OA among Asians
need to be conducted.Conﬂict of interest
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